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Abstract 
Zinc oxide is a wide gap semiconductor whose chemical activity at surface can be enhanced by proper electromagnetic radiation. 
This property opens the door to room temperature gas sensing with this material. In this work, nanosized ZnO powder was 
synthesized by sol-gel technique. Then, structural and morphological characterizations were carried out by means of X-Ray 
Diffraction and SEM techniques. Thin films were deposited by spin coating technique on both glass and alumina substrates, to 
perform optical absorption spectra and electrical conductance measurements, respectively. The electro-optical properties were 
studied on the photo-activated films, in air and in nitrogen conditions, to investigate first on the basic surface-oxygen interaction 
in photo-activated condition. Then, gas measurements were also performed in air and in nitrogen, to acquire information on the 
photo-enhanced surface chemistry, in order to be applied to gas sensing. 
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Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
Keywords: Zinc oxide; room temperature gas sensing; photo enhanced gas sensing; nitrogen dioxide. 
*
 Corresponding author: Tel.: +39 0532 974213; fax: +39 0532 974210 
  E-mail address: bfabbri@fe.infn.it
 14 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of Eurosensors 2014
149 B. Fabbri et al. /  Procedia Engineering  87 ( 2014 )  148 – 151 
1. Introduction 
Gas sensing at room temperature with metal oxide semiconductors is a highly desirable goal due to the several 
advantages that this condition offers with respect to the more traditional high-working temperature condition. 
Indeed, the number of papers on this topic is enormously increased during the last years [1-3]. Materials which 
showed separately photoconductance and temperature-activated chemoresistivity, proved to be candidates for room 
temperature gas sensing, because their surface chemical activity, responsible for chemoresistivity, can be activated 
by irradiation with light of proper wavelength. Tungsten trioxide and zinc oxide are examples of these materials [4-
6], but also non-oxides semiconductors such as cadmium sulfide showed these photo-enhanced electro-chemical 
properties [7]. This work aims to investigate on the electrical, optical and gas-sensing properties of photo-activated 
zinc oxide (ZnO) thin films. Optical absorption spectra and photoconductance measurements were performed in 
nitrogen and air condition, to investigate on the basic surface-oxygen interaction in photo-activated condition, then, 
gas measurements were carried out in nitrogen and air condition too, in order to study the more complex photo-
enhanced gas-surface chemistry responsible for gas sensing properties. 
2. Experimental 
Nanostructured ZnO films were prepared by standard sol-gel technique adding, under fast stirring, an equimolar 
quantity of  monoethanolamine to a 0.5 M ethanolic solution of zinc acetate dehydrate. Then, the solution was 
deposited by spin-coating on two different substrates: one made of transparent glass and one of alumina with 
interdigitated electrodes, respectively for the optical and the electrical measurements. At last, thin films were 
thermally stabilized at 100°C and then annealed at 500°C in air. 
The morphological and structural characterizations were carried out by Field Emission Scanning Electron 
Microscope (FE-SEM) and by X-ray diffraction, whereas optical absorption spectra were recorded in nitrogen and 
air conditions using a standard spectrophotometer, before and after illumination of the sample with UV light. The 
source of UV light was a lamp peaked at 365 nm. Electrical characterizations were performed using a single test 
chamber equipped with a transparent window and focusing the light of a LED onto the film by means of an optical 
lens. Measurements were repeated with LEDs peaked at 385 nm (violet), 468 nm (blue) and 525 nm (green). A 
mass-flow controller system allowed to control the composition of the atmosphere. 
3. Results and discussion 
XRD measurements yielded the diffraction pattern reported in Fig. 1a, which shows peaks of wurtzite hexagonal 
ZnO. The mean crystallite size has been estimated by means of the Scherrer’s relationship to be 29 nm.  
Fig. 1. (a) XRD pattern of the ZnO powder; (b) SEM image of the ZnO film. 
SEM micrograph of the surface of the ZnO film is reported in Fig. 1b, where nanosized crystalline grains are 
easily detectable, as well as the presence of a residual porosity.  
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Optical absorption spectra of the ZnO films deposited on SiO2 substrates are presented in Fig. 2a. The absorption 
spectrum in air presents an absorption onset in the UV zone due to the band-gap. The exciton peak, typical of low 
dimension ZnO crystals, it is also evident [8]. Before any exposure to UV light, the spectra in nitrogen and in air 
were identical. However, after exposure to UV light in nitrogen, a blue shift  of the absorption onset can be noticed 
(see the inset in Fig. 2a). The blue shift was found to be permanent as long as the sample remained in nitrogen, but, 
after air injection, the spectrum gradually returned as before illumination (total recovery in about 1 hour).  
The electrical properties of the ZnO films deposited on alumina substrates were investigated in air and in nitrogen 
conditions. The first kind of experiment consisted in the measurement of the conductance enhancement during 
illumination, followed by the conductance decay after darkening. We observed that, keeping the sample in nitrogen, 
the conductance enhancement caused by illumination was not reversible; after darkening, the photo-enhanced 
conductance did not recovered the previous dark-value. Different excitation wavelengths resulted in a different 
intensity of the photoresponse, in agreement with the absorption spectrum, peaked on the bandgap energy (3.3 eV, 
equivalent to a wavelength λ = 376 nm). On the contrary, in air the photoconductance was reversible. These results 
are reported in Fig. 2b. 
Fig. 2. (a) absorption spectra of ZnO in nitrogen before and after UV exposure; (b) electrical conductance of ZnO film vs. time during 
illumination and after darkening, in air and in nitrogen, for the different excitation wavelengths. 
The blue shift observed in the absorption spectrum can be explained by the Burstein-Moss effect [9]. Irradiation 
of the sample results in injection of electrons in the conduction band (CB), filling the first states above the 
minimum. As a consequence, new electrons have to jump into higher levels owing to Pauli exclusion principle, 
resulting in an apparent increase of the bandgap. The fact that the blue shift disappeared only after exposure to air, 
suggests that the increase in conductivity is due to oxygen photodesorption. The electrical measurements during 
light-dark cycles in nitrogen and in air leads to the same conclusion. Indeed, for all the tested wavelengths, only in 
nitrogen the photoconductance did not recovered the previous dark-value, because in that case the photodesorbed 
oxygen cannot be restored. 
The gas measurements were performed, in air and nitrogen conditions, with H2S (10 ppm), formaldehyde (5 
ppm), ethanol (5 ppm), propene (400 ppm), propane (100 ppm), toluene (5 ppm) and NO2 (5 ppm). All the tested 
gases, except for NO2, resulted in a negligible conductance variation. In Fig. 3 it is showed the conductance of the 
ZnO sensor during injection of 5 ppm of NO2, while it was irradiated by a 385 nm wavelength. The highest response 
was obtained with this radiation, since, among the tested wavelengths, this has the closer energy to the material 
bandgap. It can be noticed that, in air, the conductance in presence of gas took about 10 minutes to reach a steady 
state, and about one hour to recover the baseline, whereas, in nitrogen, the kinetics appear much slower. Despite 
this, the conductance variation in nitrogen was about two times higher than in air. An aspect worth noticing is that 
oxidizing behavior was observed both in air and in nitrogen conditions. This could be a characteristic feature of 
photo-activated ZnO, since other authors reported similar measurements on thermally-activated ZnO thin films, but 
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resulted in a n-p conductivity switching in nitrogen with respect to air carrier. This difference between thermally- 
and photo-activated ZnO could be crucial to deepen the surface chemistry of this material, in order to understand the 
sensing mechanisms. 
Fig. 3. Conductance of ZnO thin film during injection of 5 ppm of NO2 in air (black curve) and in N2 (green curve). 
4. Conclusions 
Nanosized ZnO powder was synthesized by sol-gel method and characterized by X-ray diffraction and SEM 
imaging. Then, thin films of the obtained material were deposited by spin coating on glass and alumina substrates to 
perform optical absorption spectra and electrical conductance measurements, respectively. The results suggest an 
interpretation based on the photo-desorption of surface oxygen. Indeed, UV illumination of the films in nitrogen 
showed a blue-shift of the spectrum that was restored only upon air injection. Similarly, the photo-enhanced 
conductance in nitrogen, after darkening, did not recovered the previous dark-value because the photo-desorbed 
oxygen cannot be restored. Gas measurements showed a significant response only for NO2, resulted in a decrease of 
conductance both in air and in nitrogen conditions, according to the general assumption of ZnO as n-type 
semiconductor.  
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